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MEDICAL PROGRESS

Vitamin B 19 deficiency in children and adolescents
-_';‘J-*{.-'JT A, Raemisoen, D, 38, Paul AT, E"'.:J..wr.{:-.::l;f}: A0, aoed !{.-_-g'ﬂr_v_r,r & Scanton, PHD, /D

Vitamin B, (cobalamin) deficiency
has been previously theught o be rare
in children: however, recent studies!
suggest that the condition is more
common than previously recognized.
WVitamin F.--I? |:|r.-|'i-.'-|.r~|-.r_-.- e children
often presents with nonspecific mani-
festations, such as developmental
delay; irritabality, weakness, and fail-
ure to thrive, Treatment may resalve
these complications, but permanent
neurclogic damage may have already
occureed, Familiaribe with risk fcsors,
manifeseations, and disgnostic studies
af witamin B 5 debiciency by pediatrnc
health care providers is crucial to en-
able carly recognition and treatment.
As nl"-..lnr'.u:.r_}' I, 1993, coriched ce-
real grains in the Unieed States are
mandated to contain folic acid becavse
of its abality to prevent newral wobe de-
Focts.? Discussions ahaoul Falic acid foe-
rification have addressed the patential
for harmful effects of falic acid in
adults with un n:l:nEni.:-e-:rl witamin Ij-:.!
deficie ,-,{j_-.ﬁ'ﬁ bt witamin ].:!--_.2 dehcien-
ey in children has not been addressed.
The Insticute of Medicine recently set
tolerable upper intake levels of Falic
acid for children®; however, these lev.
els were extrapolated from inflorma-

tion on the affects of folie poid on vita-
min I:_:II= deficiency in adulis. This arti-
cle revigws the canges of vitamin l:'l--_E
deheiency in children and adalescents,
as well as its clinical manifestations,
recommended laboratory studies, and
treatment. In addition, we addeess the
evidence of the potential risk For ad-
verse elfects of folic acid fortification
in children and adolescentz who have
vitamin B, deficieney.

YiTaMIN Eu.u.un ITs
METABOLISM

Vitamin B, is found primarily in
foods of animal arigin. When con-
aumed, vitamin B, 15 released from
food proteing in the stomach and binds
to B-binder proteins, mads in the sali-
va and stomach. After exposurs to
pzn-:!rn.ui-? Profeases, vitamin BIE‘ iz po-
leazed from the B proteins in the small
intesting and Forms a complex with in-
trinsic Factor, :::-r-.'n:ll:r-r::'] I gaan'iq pa ri-
ctal cells. The intrinsie Factor—vitamin
B g complex is taken up in the termi-
nal iloum, after recognition by specific
ileal receptors. The complex disseci-

ates in the enterocyte, and the free

Fioee Diviotive of Btk Defecte, Ol Devrloprrrm, and Desabifity and Fleclth (peapased], Nafional Geader for S
wrvertenfdd Meadfl, Allonta, Geonpds; Mirtros of Netriteon aad Plyeical Arrivity, Nelional Ceafer for Clneaic

e Pevveaiione sod Meallh Promotion, l\'.:ru.'r.r.-'__l"n-.l'.:'-'.m.l.-r ool and Preopaiion, Atk Loy Dviesen o

Aleiral Grenalive, Depardmas! .:,'-.ll"r\:'l_'l'ru'.l\. Ereeory Ulnnwrily .'ﬂ'rb'\.'.'.:l".-r.r.-'\.l:":mr_. Arfanta, Cronpes,
SZubrsned for publication Mar 22, 2000; revisions received July 14, 2000, and Awg 31, 2000;

acoepted Cher <, 200

Feprint requesis: Senja A, Fasmussen, MOL M5, 4770 Baford Hwy, ME, M5-F45, Centers bar
Coseaze Cangrol and Freventon, Atlanea, G 30341,

of Pediace 20801:138: 10-7,
WL T2 160
|‘II:E:]':'|.IE~.';;'..|.I._.F|_4 2001, 112160

vilamin enters the portal circolation
'!_:-|:||.||'||'_| BG [ransc uLlﬂia.nlin ]]_. which
transports vitamin HI‘E o tissoes.” Vida-
min B, 15 secreted in bile and reab.
sarked 10 the tleum, -:'nns-:'::'-.'i.ng I_LI.‘! in
individualz with normal absorption.
Although the adult recommended di-
etary allowance for vitamin B, is 2.4
pegid, an adult stores abour 2 0 3 mg
{primarily in the liver).® Therefore sev-
cral vears of dietary deficiency are usu-
ally necessary before the condition is
clinically apparent.
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Vitamin B, iz a cofactor For twa im-
portant metabolic reacrions, r'|'||:'1|'|_'!,-]-
ation af homooyst=ine to methicnine and
COMVCTE SN |_'|r' |-.|q_-|||_-,,-||.-|._;,||_|:|_-.-: SO YT
A to succinyl Cod I:_F':i_;r__nre].‘g When ﬁl‘l
iz deficient, these precursors accumu-
late; thus, measurement of homoeys-
teine and l'lH.'l:|l_'.-'||=|-:-i|u|ﬁl.' acid 1= usetul
for diagnosis of vitamin B, deficiency.

MANIFESTATIONS

The primn.l.-___v chinical manifestations
of vitamin B, deficiency in children
and adoleseents are included in Table
L* 1 Vitamin Byg is necessary For pro-
duction of tetrahydrofolate, important
for DMNA synthesis. Delayed DA
synthesiz in the rapidly growing
hematopoietic cells may result in
macrocytic ancmia, 'S seen in seme
cases of vitamin B . deficiency. Other
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Tadle I. Clinical manifestations af
witarrorn E'|2 -:']Eﬂ-:_’:len;_:,r 11 el
General
Weakneas
Fatigue
AnGrexia
Failure te thrive
rratabiliny
MNearalogio/paychirric
Developmental delayiregression
Paresthosiaz
[mpaired vibratary and
Propeiaceprivg sensg
Hypotonia
Seizures
Ataxia
[rementia
Paralysis
Abnormal movements
Memaory loss
Personaliny change
Poar school performancs
Drepression
Hematalogic
Macreeytasis
Anemia
Hypersegmontation of nevtrophils
Leukopenia
Thrambocyroponia
Pancytopenia
Cicher lexnsros
Glossitis
Skin hyperpigmentation
Vamiting'diarrhea
lcrerus
Systalic Aow murmur

hematologic abnormalities are also
seen {Table 1, and in some cases, have
raiged concern about a neoplasnc
process.!® Neurologic changes can
weeur without hematelogic abnermali-
. These include paresthesias, sensory
deficits, and lass of deep tendon re-
floxes: movement diuurd.urs”: develop-

regression'™  hypotonia'®;
seizures s demential® panl:.'si:]‘:"r and
nevrapsychiatric changes (eg, dopres-
sion). % Magnetic resonance Imaging
findings include increased aignals on
T.-weighted images of the spinal

mental

Methyltetra-
hydrofolate
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Tetrahydrofolate

Homocysteine

= Methionine

Methyleobalamin

L-Methylmalonyl-CoA

> Succinyl-CoA

Meskylmolomd
Cod mulase

Figure. Vitamin By, (cobalarin e essential to two metabalc reactions: the metiplation of homics
CYEneel T maiednng, Catabded by MY -metipieteiydoiclatehomogysteine methyitransferase
[molenned to hem & rllnirardierade], which requines methydcobalamin, and the comersion of

e thednatonn] Co 1o suncerryl Cod, catabyred by the enrame meshdmalonyd Cod mutase, which
requanes 5 -adenogyicoialamin, from Soiver CF, Beaudes AL, ShyWWS Walks [ editars. The metabolic
andf rnoteoudar bages ol inheriled dissse. Copyright 1995, The MeGrars:Hill Comparies. Adapded

wiith permression of The MoGras-Hil Cormpaniss.

card, ' hrain at r4:||_'||1__1.r,]5"'5 and retard-
ed myelination. Mewrologic daterio.
ration has ocewered in persons with
L'lTI.rECUETI.i.Itd 'I.':il:.:tmi.n E|2 E']EF‘tEiI:‘:I'IQ::r'
after exposure to the anesthetic nitrous
exide. ™ Mitrous oxide inactivates the
-ﬂ'i:‘i"-'l' fi.'lrl'l'l. Uf '.-'i.l:n.rrLin Elj nEI:EI:ﬂ.r:..'
For methyl transferazse cnzyme activity
im the brain, When neurclagic deterio.
ration ocours After mitrous oxide expo-
sure, vitamin B, deficiency should be
considered.

Abnormal skin pigmentation has been
FELN i.ﬁ 1.".|I:;|.11.'|ir.| BIE dcﬁcien:}'.g F.i‘ll'.ll'ﬂ
tor thrive, irritabilicy, systolic fow mur-
murs, glossitis, weakness, anorexia,
vomiting, constipation, diarrhea, and
icteres have also been seen, -2

CAUSES

Cauzes af vitamin ﬂ-]? defizie ney in
children Fall into 3 -:.'n.l:i.-_gurilc s de-
creased intake, abnormal abzorpiion,
and inborn ervors of vitamin By, trans-
port and metabolism (Table 11), 113253

Decreqoed fntake

Drzily witamin BIE requirements for
children and adelescents range from
0.4 to 2.4 gt levels exceeded in the
typical Western diet. Based on data
from the third MNational Health and
Mutrition Examination S-ur-.'n::,-' I:]‘]ﬂﬂ-
19947, more than 95% of children in
the United States consume more than
24 wg of vitamin B, daily.S The most
frequent reperts of pediatric vitamin
B, deficiency related to decreased in-
take have occurred in breasi-fed in-
Fa.n'rs uf :rn;:.‘rhi.::rs whn |131.-'{: nlndiag-
nased vitamin By, deficiency because
af strict '..'»:.-g\-q:l:a.rian d.i-e_':l:a,"']'la'i"" WE -
ognized pernicious anemia, 1 previ.
ous gastrie bypass surgery,® or short
gut synd rome. ! Vitamin Bys levels in
breast milk parallel those n the
serum.® Mormally, & newhorn has 25
Mgz af total Bﬁ. content in the liver, an
amount predicted wo be sufficient wnil
the end of the brst Jnear at |i.|:'r.=_. CVEn
with low intake,” However, fetal B,
storage 15 significantly decreased in

- - - . T
mothers with vitamin B |_-||_-|:||_-||_-|;.|_-}r?'_;
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Table If. Causes of vitamin B, deficiency in children

Diecreased inmke

Sariet vepetananvegan/macrobione diet

Brease-fed infants of mothess with unrecognized vitamin B, defciency
secendary o perniciows anemia, vegeianan dies, gastric bypass
Adypical diets ke, poar dict, poasly convralled PELT

Abnormal absorprion

Abzencefdysfunction of intrinsic factor

Sraruz afrer ERELTEC Fescetion

ﬁ.utuim muane PErI‘I.iCiI'.ﬂ.I.S- il.'ll!l'l'l.i.l

Absentzbnormal Formation of intrinsic factor (autosomal recessive)

D‘ECI’E\L‘E‘E& EEEI:HIZ ii:i.lt'l.

L:le‘lg-!l!rm 1.|Lfr-CIF|_'|-' '-"a'i.ﬂl med.il:.:.tinns I:I'.H.H' d&ﬂr&ist Eﬂ.ﬁ.]‘l’l{: .ﬁi;"ili $I:I:'|'I:Ii-|:ﬂ|

Pancrearic insufficicncy
Competition for By, in intestine
Parasitic infection

Bsceerial avergrowth

Disruptian of absorprien across ilesl surface

Croba s discase
Caliar disease

B I'gil."-!' pr:.H.'n].ure-; 'int'nh'ing ileum

Abnormal ileal recepror (Imerslund-Criiabeck disease)
Inhorn errors of By, transport and metabolism

Abnormal transport
Teansgobslsmin [T deficiency
R-binder deficizncy

Abnormal mersbolism

Adenosylcobalamin deficiency: effA and WD discases
Methyleohalamin deficiency: oM and &G dissases
Combined adenosvicobalamin and methyleabalsmin deficiencios: «hiC, 8T,

and o

PREL Phenylketonoria

becanse of these decresszed srores,
bresat-fed infants with low postnacal
B, intake associated with maternal
deficiency may present as e.arl.ll.-' 28 3 o
4 months aof aga. Because: manmifesta-
fions at this age are often Tl.nnspeq-iﬁ-::.
pedintric health care providers need to
ke '.-'i5i|.1|1|: for canditions |:_¢E, l:n::rni-
cigus anemial) that can produce vira-
min B, deficicncy in mothers with
narmnal By, intake and adversely affect
their breast-fied infants,

Children and adolezsconts on atypical
diets may also develop vitamin B, de-
Ficlency. Severe neurologic manilesta-
tion= were seen in an adolescent with
vitamin B, deficioncy associated with
a strick w:gel:.:.rin.n die:.:H Adulis '..'.'l‘u:l-

were long-term strict vegans had sig-
nificantly lower Bys levels than a pog-
ulation on an unrestricted dicts” and
alten had evidence of vitamin EIE defi-
ciency. ¥ However, megaloblastic ane-
mia was infrequently observed, which
was attributed to their high Folic acid
intake, ™ Low B s intake and levels, as
well as ¢levated bleod and vrine MMA
levels, have alsa been ohserved in a sig-
nificant proportion of children on mac-
rabiotic diets. 3152 Other NOB-VEEElari-
an diets associated with vitamin By
deficiency in children snd adolescents
nelude nu lriiiunn.]l_-.-' 'inn.n:[nqun.h: diets,
because fonds low in vitamin BI.! are
often selected.?! In addition, adoles-

conts and young adults with phenylke-
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tonuria who exclude animal produces
in an =ffort to decrease phenvlalaning
levels but are not compliant with their
medical Formula may develop vitamin
B, deficiency.™ Dieficiency of vitamin
B g and ather nutrients has also been
abzerved in an adelescent with glyco-
BN storage di;r-:-nsr tvpe Ib, aleo on a

cestrcted diet.
Abnormal Abserption

Abnormal vitamin BIE absorpeion
may vecur as the result of an absent or
abnarmal intrinzic factor, decreased
]3-1? release from food protein, failure
of R-protein degradation, competition
for H’I? .a.'l'.-snrpl:inn at the ileum, logs of
the ileal .:le:lrpti'.'r: surface, or an ab-
normal ileal mmp‘lt}d’.ﬂ

Vitamin B, deficiency, caused by
absent intrinzic Factor, has been report-
ed in children after gastric resection. ™
The classic adult form of auteimmune
pornicions anemia is rare in children,'!
Some children with auteimmune per-
nicious anemia have other autoimmune
conditionz as part of nulaimmune
Fl{inl:."glalldulul.‘ uynrlrl:lmn Eype I (Cn-
line Mendelian Inheritance in Man
24030037 An autosomal recessive
condition in which intrinsic (aerer is
absent or abnormal has also heen re-
ported (OMIM 261000).%

Vitamin I'I-]? release from dictary
proteins requires gastric acid; thus,
children receiving medications that af-
Feet Ea:tri: acid sscratian (eg. omepra-
zale) on a I'L'II'IE-“.'I.'IH basis Ly bu at
risk for B, rrL:LIaula-s.n\.rp-l:i.n.n.SIT Fancre-
atic proteases are responsible bor R-
Frmei.n ﬂeﬁrm‘]n:inn From witamin HII'
but pancreatic insufficiency appears to
be a rare cause of EIE deficiency in
children.® Competition for B, n the
intestingl lumen may cause vitamin B,
malabsorption. Laow le levels have
been seen in cases: of infection with
Crtardia fembille, Plamadive l.|".-:| Lesprarae,
Iplydlobatrian Lfuam (tapewarm], and
.Fn'nm‘.g].l.furﬂ.-:.r alerconiplir {rou nﬂwm'm] 9

Disruption of the ieal surface can af-
fect B, ahsorption; thus, paticnts with
trapical sprue, Crohn's disease, and celi-
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ac disease™ are at risk For vitamin By,
deficiency. Vitamin B, deficiency has
.;||5|:| |5H.1.'n abserved i children wha |'|.1.u¢
undergone limited ileal rescetion. !

Imerslund-Grisbeck  syndrome
(OMIM 261109, % an autosomal re-
cessive condition in which By, malab-
sorption is due to an abnormal ileal
receplor, it disgnosed on the basis of
selective By, malabeorption that iz
not eorrected by administration of in-
trinsic Fazgor. The resEpaen sihle gene,
cubilin (OMIM 602997,% has been
identified, and s ]Jrudu:l: SUrvEes &5
the ileal rece ptar far the intrinsic fac-
tor—vitamin By, comples,

Adults with human immunedeficion-
ey virus infection may have low vita-
min B, levels, possibly related to
malabsorption, although deficieney
appears 1o be infrequent. The fre-
queney of vitamin EI.! du-l-l:i-:-ni:_-,' in
children with human immunedeficien-

ey wirus infection i unknown.

Inborn Ercors of Vitamin B
Tranaport and Hetabolism

Although inborn errors of cobalamin
transpart and cellular utilization share
some Features with the forme nf'lle di-
licieney previously discussed, manifes-
tations, dikgnestic methods, and treat.
ment ditfer. A Full discuszsion of these
eonditions is nat ]:ruz-uiblc in this reviews;
therefore, in Table 101 we have summa-
rized information from the excellent re-
views of these conditions 8425

The defeers of cellular cobalamin
utilization can be divided inte abror-
malities in synthesis of adenosyleabal-
amin (designated cAfA and 5B, of
methyleobalamin (eME and sH0G), and
al bath cofactors (efC, 2D, and
eM ). Methylmalonic aciduriz caused
by deficiency of methylmalonyl Cod
mutaze (the enzgyme for which adena-
svlcobalamin serves as & cofactor)
(OMIM 2510000 is not included
here, because paticnts do not reapond
well 1o vitamin By, therapy. All these
conditions are believed to be avtoso-
mal recessive, except the aurcsomal
dominant F-binder deficiency.

DiaGHOSIS

Previously, macracytic anemia had
been assumed to be nearly always pres-
cal in vitamin BJE deficicnoy; however,
Further cxamination argues against this
assumption. Fine and Soria™? estimate
that reliance an an abnormal hemoglo-
bin valwe, hematesreit, or mean corpus-
cular valume for a dingnosis of By, de-
ficiency would miss about 30% of aduli
cases. Macrocytosis can be masked by
other conditions {2z, iren deficienoy
anemia and thalassemia) ¥ Although
the peripheral blood smear is often ah-
normal [with oval macrecytes and
hyper-segmented newtrophils), this
finding iz not sensitive or specific for
mild cases.™ Thus the diagrosis should
not depend on the ﬁnu'l'ing' of ahnoeeal
ht |'|'|$.[l:l|-:}5il.‘ \'a.luux. Further. MACrocy-
tosis is not specific for By, deficiency in
childeen, because several other causes
have been noted. ™

Measurement of vitamin H'I.i levels
can be helpful for diagrosing vitamin
B, e F'l-::il.'n:y. Serum or plasma 'E‘!li
lewels vary, depending on the laborato-
ry and the methed used®; therefore,
laborataries should determine their
oL fange uf rl:m.l]l:s.'rfI Gencr.:d]:r'_. nor-
mal serum B, levels range from 200 e
200 pefmL, and levels below 80 are al-
most always indicative of vitamin By,
l]rﬁtil.'nt_‘l.'.-ls Hewevern the EIE level is
narmal in patients with some inborn er-
vors of vitamin By, metabalism (Table
11}, because vitamin B g is present but
unavailable to tizsues as a result of ah-
nocmal teansport or vtilization. In addi.
tion, because tissue levels may become
depleted before serum levels, same per-
sons with bordecline or low-normal
serum vitamin B, levels have had
synpions that resalved wath HIE treat-
ment, suggesting that levels previously
considered borderline or normal may
represent deficiency in some patients, %

Flolo-transcobalamin 1 {(cobalamin
bound ta rranscobalamin [1) levels may
b an -:ur]ll.-' indicator of vitamin E” Aefi-
{'ill'u.t_'r'.. because vitamin B]! 15 ].'-n:l‘;nrcn-
tially depleted From holo-transcobalamin

Ponsrusgssd, FERMHOFR, AMD SCANLOM

L9 However, holo-transcebalamin 11
levels wers not ﬁpcq:iﬂc for vitamin Ij-u
deficiency in a study of macrocytosis, ™
which diminishes theie usefulness. The
deconrunidine suppression tess examincs
a metabolic pathway of DINA synthesis
that indirecty requires methylesbalamin
and g a zensitve method for identifying
Vitamin E[E di‘ﬁéi-’.‘nr.'_l.-'. I [uwuver. this
test is Fnrfnnned. nnb-' in spccinris:..:d_ lah-
gratories and opaimally requires 2 hone
TRATTOW a.ﬁp'iral;f.‘l'T

Two precursers in the metabolic path-
ways affected by vitamin By, (Figure),
MMA and homocysteine, are elevated
in vitamin B, deficiency, including in-
beorn errors of vitamin EI‘E ueilizamon.
Homeoystzine metabolizm is alse affect-
od h_].']nvels of falic acid and vitamin J_Iﬁ,.
wheereas inereased MMA levels are spe-
cific for deficiency of vitamin B (or ab-
normalittes in che mr.'1h:r'|ma|¢n:r'| [N
rmtase eneymne). Therebore evaluation
of both MMA and total homocysteine is
helpful in distinguishing between folate
deficiency and vitamin H’ti defizicney.
Messurement of serum MMA appears
1o be highly sensitive for the diagnosis of
vitamin BTE‘ deﬁcienc}-'.'w WIMA levels
had the I1'-I,5|'Il.':|| discriminative pweEr fo
distinguish 41 infania receiving & macro-
baotic diez From S0 healthy omnivarous
control subjects

Srudies are neaded to determing the
optimum strategy lor diagnosis of vira-
min B, deficiency in children. We rec-
ommend studying vitamin By, MMA,
and total homocysteine levels in any
child with Features of unknown l.'1i|:p|l:lgr'
consistent with vitamin B, deficiency
{T.'Ll'-le |::|- After vitamin E-ﬁ. deﬁciencg.r
iz diagnosed, further studies are often
NECERRATY 10 dererming the cause. These
may include a full dietary evaluation;
cvaluation for parasitic  infections;
Schilling test {crystalline radioactive
By, is provided orally and wrinary By
excretion s measured), which mea-
sures the patient’s ability 1o absork oral
ceystalline  vitamin BLEH: madifi=d
Schilling eat (food-bound radicactive
B, is provided orally, followed by mea-

surement U; urina.r'l.r E]':'}' "-\']1.il:|'l mmeas

13
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Table HY. lnbern errors of cobalamin transport and metabalismB2236

Typical clinical manifestations
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Typical onset

TCI deficiency
OnIAM E?’.ﬁﬁﬁ-n}

R-binder deficiency
(O 193050

Defective synthesis of
AdoChl:

Deficiency/abeence of
TCI in 'p]n.irn.a. saliva,
leukocyies

Defective symthesis of
AdaCh|

Failure to thrive, megalablastic

anaemia, lster newrologic Features,

and immunedeficiency

Neuralogic symptoms reported,
but unclear if these are relared
ta condition

Lethargy, Failure to thrive,
recurrgat vomiting, dehydration,

Early infancy

Unclear if ohserved
symptoms are related
oy comditEen

Intancy

A QOMIN 2511000
B (OMIM 2511109

Defective symthesis of
MeChl:
A E {(OMIM 235270}
cBICs (CIMIM 250840)

MeChl

Digfective synthesiz of
AdoChbl and MeChl:
AT (OMIM 277400
AT (UMM 27710
«HF (OMIM 2775580

sures absorption of pretein-bound vita-
i s amine acid analysis measurcment
of the unsaruraned B,-binding capacity
and transcobalamin T lewvels5% gCnehic
complementation studies on cultured fi-
broblasis; and measurement of anriboed-
i3 1o parietal cells and Intninsic factor
Subepecialy consultation is often neces.
Eary to Eui.d.e these s:udm:..

PREVALEMCE

[nformation about the prevalence of
vitamin B, deficiency in the United
States 15 limited; however, a study of
serum By, levels in 3766 children (aged
4 to 19 years), as part of the zecond
phase of MITAMES [II (1991-1994),
identificd 3 children with levels <100

Diefective synthesis of

Impaired synchesis of bodh
AdaChl and MeChl

hypotonia

loblastic anemia, saome caacs
with retinal lindings, hemalytic

uremic syndrome

pgmL, a fn:quenn::,.' of Lin 1355, and 13
with levels <200 pg/mL, a frequency of
Iin 200." The greatest proportion of
children with levels <200 pEml weas
found in the 13- o 19-year age calegory,
with a eate of 1 in 112, The lowest mean
levels were in the 12- ]9-_1.'|.'n.r catego-
ry and in nqn-]‘Tispanil: whites, Mo fure-
ther information about the cavse of
these low B, lovels, presence of symp-
toms, or follow-up studies has been re-
ported. However, these data suggest
that By deficiency may be more com-
maon than previously recognized &

Data from two newborn screening
programe. which included a sceeen For
elevated wrnnary MMA levels in in-
Fants ag-:-:l 3 1o 4 weeks, indicate a fre-
quency  of “symptomatic”™ methyl-

malenic actduria of 130 77,000 ta | in

Vomiling, peor feeding, lethargy,
severe neurclogic dysfunction,

mugaﬂnbhuti.c anemia

Failure to thrive, developmental delay,

neuralogic dysfuncton, mega-

Mosr in infancy, at least

one adualt

Varmable from necnatal
period 1o adolescence,
majority with necnatal
onser

83,000 births.*!*? Maore than half the
cases with definitive disgnoses had de-
fects in cobalamin synthesis, and the
remainder had deficiency of methyl-
malonyl CoA mutase. In one program,
A1 infanrz  with "l'l.'I-ﬁli'f"'E]_'p' small
amounts” of MMA were identified 51 a
Frequency of 1 in F300. These asymp-
tomatic infants were primarily breast
Fed, * and some may have had subclin-
ical vitamin By, deficiency. Hlowever,
the sensitivity of this methed to detect
mild deficiency i unkoown,

A much higher frequency of B, deh-
cioncy than that seen in the United
States has heen ohserved in countries
with lower intake of animal prod-
1.1:1.::.53"54. For cxanLn, 0% of =chool-
aged children From rural communities in

Mexica had & deficient p|.;.5rnn ]:'I-I.‘, lewed,
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Laborasory findings Treatment and response _Gene identified?
Usially normal serum High doses of Chl by Yes: TOMNZ
Cil; elevated zserum inpeetion: rood (AN 2753500
MMA, homocyereine: respOnse 10 redtment
abzentidefective TCII il begun earky
Lo serum Chl, normal Chl therapy does not Mo
TCI-Ch] Levels appear to be of benehr
Mormal serum Chl, Ph;:'mﬁm{-@ai{; doases of Ma

hnmmya:{:inn, A
methionine; elevated
MMA, ketones, ghean,

Chl, dietary protein
reatriciion, oral
antibeotics: treatment

ammonia; leukapenia, response for cA better
thrombocytopenia, anemia than For <A
Marmal serum Chl and Pharmacologic doses of Yes: methionine
Folate: homocystinuria, Chbl, beraine: good synthase reductase
hypomethioninemia teeatment response in (OIMINL GO25GE)
some patients treared [or o4 E and
arly methionine
synithase (OMIM
15657 for oG
Mormal serwm Chl, TCIL Pharmacologic doses of MNa

methylmalonic aciduria,
hemecystinuria,
hypomethioninemia

kydroxocobalsmin,
moderate profein
restriction, betaine;

TreXtment respanse

wfien not oprimal

defined as <103 pmol/L. {abour 140
[.a-g."mL:l.:"r [nadequate Til.! tnfake was
reaponsible for a portion of this deficiens
ey, but B 5 malabsarption {thoughe to be
secondary to Goaerdie lemefilia infection
and bacterial overgrowth} was seen in
abeut one fourth of this pepulation.™

PoTeEnTIAL EFFECTS
ofF FoLic Acip
FORTIFICATION ON
YITAMIN B | ,—~DEFICIENT
CHILDREN

In adules, it has been suggested thar
the |iuuru]ugic effects of vitamin Hli'
deficiency may be precipitated or ag-
gra.wlmd. '|.'-_'.-' Folic acid administration,

possibly because of & divect effect of
Folic acid. However, the clinical evie
dence For this bas been questioned by
some authors. 5488 In children, ewvi-
doner for a direet effect of folic acid 1=
particularly seant. We identified 6 chil-
dren with vitamin le ﬂeﬁcienc_}'m":'z
(receiving folic acid because of an in-
correct diagnosis) in whom it has been
suggested that folic acid therapy wors-
ened the neurologic manifescations.
However, in all cases, diagnosis and
appropriate treatment wich H’li had
been substantially delaved, and the de-
terioration observed was similar to thar
zapn with dela.:r' in treatment. There-
fiore it is unelear whether the falic acd
therapy or delay in B, treatment was
resgonsible for the neurclogic manifes.
tations.?? In addition, in the 3 children

Fhsuseen, FEANHOHR AND SCANLON

for whom adequare dosage information
was available, 8800 qocne nged
from & mg o 15 mg of synthetic folic
acid per day for long poricde. A recent
study of divtary folate intake in the U5
population suggests that these doses
are unlikely to be reached through
ditl_. BN a.l:ll:er .:djlu.;lr.ncnt for current
Fartification lewels 83 This .5|_l.|-d_-,.- usid
dietary folate equivalents as a measure
of folate intake, which adjust for the
apparent greater boavailahility of syn-
thetic folic acid compared with naturals
Iy cecurring folate, The %hth percenile
for dietary folate equivalents in the age
group with the highest level of Folate in-
take (aged 1-5 :,'n.:r:} waz about 1.5
mg.."d {fq_'l.livalll'n[ to about 0.9 |n5.-';|.:| EYT-
thetie falic n.cin.‘l:]. Bazed an rh.:s.: d:ﬂ.:.. it
appears unlikely that children would
exeeed § mg of folic acid intake por day
at the current level of fartification and
intake, or even if food fortification lev-
els were increased from 1.4 mgilkg to 3.5
mgdig grain, as has been proposed. ™
However, the effects of daily folic acid
intake af =5 mg in children who have
vitamin B, deficiency have not been
mv.rslemal:iq.nlll}r siudied.

Because of the paucity of data in chil.
dren, the Institute of Medicine® catab-
lished tolerable upper limits (the high-
est lewel likely o pose ne adverse
health effects to almest all individuals
in the general population) of folic acid
intake, based on the adule level of 1OOO
Bgid, adjusted for relative body weight,
The upper limits szt for children
ranged from 300 igd for children aged
| #e 3 years to 800 pgfd for those aged
14 £ 18 years® It should be nated thas
many children currently consume high-
er levels,™ as was the case for some
children before fortlication, Additional
data are needed vo decermine whether
there is any evidence of increased rsk
for adverse effects in children.

Another concern iz that tolic aced
may mazk the hematologic changes of
witamin EI? deﬁ:iencl}'_. |.r.':|.|:|'i|15 o a
delay in diagnosis and worsening of
newrologic manifestations. Folic acid
may reverse the hematolagic abnarmal-
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ities that semetimes socur with vitzmin

B,; deficiency.®® The frequency of

l'luwli.illg |11.'rr|.a.11:h|-:|3i|: nhnnrm.‘l.“l:ics I:'J"'
the folie acid levels achieved by bortifi-
cation 15 unknown, bur hematelogic ab.
mormalities are not reliably found in
vitamin By, deficiency. Health care
providers need to realize that hemato-
logic indices are normal in a substantial
proportion of children with vitamin By,
deficiency and that this proportion may
increase because of fartilication of the

fizred 5!.1?5}]_1.' with folic acid.

TREATMENT

Treatment of vitamin B, deficiency
depends on its cause. In mild, RAEVT-
tomatic deficiensy, altering the diet ar
carrecting an underlying condition
may be appropriate, but in moest cases,
administration of vitamin u]j & neees-
sary. Dosage has not been well estab.
lished in children. Because hypokalemis
has beon ebserved during treatment ini-
tiation in adults with severe anemia, %
lovwr imitial cyanocabalamin doses (0.2
Bgkg given subcutaneously For 2
days), as well as potassium supple.
ments as needed and transfusion lor
pani.:l correclion of the anemia, have
bieen recommended For children witl
S ETE :-ntmia..” These low initial
doses are Fallowed ]'-'.'r' LD |.lg."|:|a_-.r.
given subcutaneously, for 2 to 7 days,
and subsequent weekly doses of 100
g For 2 month ! For malzbsorptive
causes of vitumin B, deficiency, long-
term treatment i often necessary;
monthly maintenznee doscs of 100 g
have been recommendead.t! Size and
frequency of doses need 1o be carelully
titrated in relation to clinical response
and |.:t'é'.-nrr|.|:n::!,' values. Children with
defects in vitamin B, transport and
require  massive
doses of cobalamin and additional
Forms of sreament (Table 1T

Although treatment resulis in a dra-
mialic elinieal and labortory response in
mast paticnts, neurologic damage may
persist. Long-term prognosis appesrs

metabolizm  often

mlamd 1 he suwri.lg.-' and durahon -e;:-F
deficiency,'® emphasizing the impor-
tance of varly diagnosis and treatment.

Recently, interest in oral therapy for
vitamin B, deficioncy in adults has
arisen.™ A randomized controlled 1rial
demonsirated that oral and parenieral
therapy were equally effective in the
teeatment of adulez with EI? deficicn-
cv®®: however, no data are available
ﬁ].'u:lul use of aral vitamin :ﬁ']'! rcpln{'t-
ment in children.

B2 dhvink Dre Brrbare Boawien and . Paedd
Erickann __I'r&'\." i Mp_ll'l_ul conengeda,
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